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¥y invention reletes to SCLDEX. It has tc do pri-
marily with the provision of & solder especially adapted for
the soldering of copper, elthouzh it 1s not necessarily limited
thereto.

In the prior art, various types of solder have been
provided. Fredominant among these are the various commercial
solders formed usually from alloys of tin and lead. Solders of
this type, though quite useful in menrny spheres, are possessed
of certain nossible drawbacks when applied to such service eas
the soldering of copper roofs.

Thus, it is alleged by some that the ordinery lead-tin
solder tends to form compounds with the copper which, in the
presence of an electrolyte such as water conteining absorbed
gases or alkeli metal selts, may set up & difference in electro-
lytic potential thou-ht to result in gelvanic corrosion of the
CODpeT. This tvpe of corrosion is sald to be responsivle, at
times, for vhat is Xnown as "pitting,""pirholing™ end "line
corrosion” of the copper adjacent to the soldered surface.
Conditions favorable to the production and ascceleration of zor-
rogion of this type is alleged to be present, more rarticularly,
on copper roofing or other installations of a similar class,
where weter has - tendensy tc lie and form s pool or where there
is capillery attraction.

Some effort has been made to develop solders for use
with copper, particularly in connection with motors. Fowever,
the described type of corrosaion elleged to occur in ccpper ruuis
end the like does not ordinerily occur in motors. ILoreover,

the said solders especially designed for motors and the like

apparently possess such high melting points that bLlow-torches
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must ordinerlily be useé to effect applicstion thereof, with a
consequent tendency towards burnin~ or drossinz and vhern an
attempt is made to use soldering irons there is danger of dirty
irons and decreased speed of work, resulting ir impracticebility
of usinz solders of ithis kind.

Cne of the objects of this invention 1s to provide =a
solder whiclh will obviate any tendency that rniay exist towards
zalvanic corrosion.

Another object of this invention 1s to provide a
solder cf the tyve incdicated that will be perticularly suitable
in connection with the solderinz of copper but whiclr will have
a melting point sufficiently low to render unnecessary the use
¢f blow-torches or the like during the sclderinz operaticns.

Cther objects of this invention will epreear as this
descrirtion prosresses.

1y invention contempletes the production ¢f a solder
in the form of an alloy meirly consistin: of lead. Freferedly
alloved with the lead is cadmium in considerably lesser amount
and a small guentity of zinc. Tnder certain circumstances
1 may find it desirable to substitute bismuth for the cedmium
of the elloy or to use 1¢ ir conbinetion therewith.

Vore specifically, my azlloy preferably comprises lead
alloyed with cadmium or bismuth or both in &n amount up to 2C%
ond zinc in en amcunt up tc C.75%. For example, 9lloys ¢ the
followin: composition nave been made by me and have been found

to satisfactorily attain the desired resuvltas:

No.l No.2 e, T
Lead - 85.40% 82.55% 83.50%
Cadmium = 14,30 17.45 6400
Bismuth = None Fone 10,00
Zinc = Ce30 Xone 0«50

T00.00% 160.00% 150.00%




The relatior which the elements preferebly used in my

solder and other solders bear %o copper in the presence of an
electrolyte is 1liustrated by the following tebulated showing
of such elements and their relation to copper in a volteioc cell.
This table also shows the elloys resulting from such elements
and the copper compounds or alloys formed by the use of such
alloys 1in soldering coprer. The electrolyte used for the

tests resulting in these tabulatec¢ results comwrised 3.06%

sulphuriec acid, 5.85% sodium chloride and the balance water

Relation to Copper in a Voltale Cell

Elements Solders Compounds

Pb | sn sb| ca| zn| Bi| Fb | Pb » cd_|Pb|cuzsn|CugSh|caztug !
Sp |with | witheCd :
Zn out |Bi . | :

EP=Electro-
positive

EN=Electro-~-
negative

Zn Zn
3

FP ! EP| EP! EP | EP| EP| EP | EP |EP |EP E{ EN EP

A= Anodio
C= Cathodic

¥ 7pole of
voltmeter

Element

destroyed }

Pb | Sn Sb| Ca Zn| Bi || Solq Sol-f Solq Sol-|l Cops Gop-) Cop-
| der | der der | der per | per per

+ Milli-
volts //;560 +460| +300 +600t010 +220!!4280 |4850 | +#470 #8800 ||~5C [-100 | +50C

SR S

It will be apparent from this that the nature of the

solder alloy applied to copper determines whether such alloy

or the copper comnound is snodic or cathodir to the coprer. ]
For example, when a solder mede in eccordance with my

invention is used upon copper such compounds as CdazCug result

and_these are electropositive or anodic to copper. On the

other hand, when lead-tin solders are used upon copper, there

are nertain compounds such as CugSn, which eare




electronegative or cathodic to copper.

Thus, whenever a solder made in accordance with my
invention is saspplied to copper, the described galvanic corrosion
claimed by some to arise from the use of lead-tin solders is
avoided with certainty. In any event, my solder is fully ef-
Tectlve to prevent "pitting,"pinholing™ end "line corrosion"”
of ths soldered surface and the copper adjoining. This 1s
true irrespective of the composition of my copper-cadmium alloy,
since the reaction of the alloys or formed ecompounds is con-
sistently electrorositive or anodic to copper in the presence
of any electrolyte.

In order to determine the merits of my invention, I
have mede certain mechanical tests, before and after corroding.
Samples of sheet copper were prepuared and corroded as follows @

Electrolytic 16 ounce .02l inch thick hot rollied roofing
temper copper was used. The samples, three inches by eight
inches, were half dipped, giving a solder area of three inches
by four inches on each side, A zinc chloride flux was used
and applied to the copper at a temperature of G6C°C,

Further, another group of samples, after dip soldering,
were annealed at a temperature approximating 500°C. for a period
of three hours. The purpose of this was to eliminate the
possibility of an uneven temperature of heating due to soldering
and, what 1s more important, tc demonstrate, even under dis-
advantaceous conditions of soldering at high temperatures,
such as 500°C. where disadvantageous electronegative copper-tin
compounds are more readily formed, that the compounds and alloys
of both which are formed as a result of my invention are con-

sistently electropositive or anodic to copper,
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These samples were then subjected to an accelerated
weathering or corroding test for 9C hours in a humidor designed
for the purpose. The humido> was of the umbrella type, con-
taining a turntable on which the specimens were placed and rotat-
ed once every minute. A temperature of 60°C., was mainteined
and sulphur dioxlde gas and carbon dioxide gas were proportionate-
ly paessed in at a rate to obtain an atmosphere apprcximating
5.% carbon dioxide and 1% sulphur dioxide by volume, the re-
mainder being alr and water vapor. The tests made in this
apparatus produced a corrosion product on the copper analyzing
the same as that naturelly produced, thus indicating the validity
of the test.

The seamples were placed in & vertical plane, the soldered
erea beinz at the top to give a hanging dror effect on the sol-
der line. They were removed every 12 hours, spreyed with hot
water, dried and returned.

The mechanical tests consisted of en alternate bend
test under a tensile load of 4000 pounds per square inch and
tensile strength tests were conducted amsccording to standard
procedure, As all the mechanical tests were conducted alike,
they are, therefore, relative,

The alternate bend test is one which applies to a strip
specimen, & direct tension load while it is additionally stressed
by being alternately bent or wrapped over & cylindrical surface
through an src of 90 degrees. The test strip is vertically
suspended between two 3/4 inch rolls and two bends, one reverse
in reference to the other constituting a oycle. The test strip
i1s placed with the mid-boundary (copper solder) just outside the
plane of axis of the two oylindera, that is, in the double

stressed zone,




The mechanical and corrosion tests are tabulated as

i follows:

? Alternate Bend Tests of Soldered Roofing Copper at Failure
; | Tumber of Cyecles or Double Bends

| S

i ‘ [N Anneeled
| Not f Vertically [ Torizontally
SCLDER Composition of Solder Annesled 3 hrs.at JOO°C 3 hrs.at 500¢°C
{ ( 1' Sor- Cor=- lCor-
j b cd | Zn Bi | Sn sb Origi-iroded | Yot lroded ot rcded
! ! ' nal 90 hrs: Cor- |30 hrs; Cor- | 9C hrs
o ; | ﬁ at 602 roded | at 60°C . roded | at 60T
¢ iSOt qpoa ot solalotibiis el—— ':’t;** ol gt ‘ltA ki . o o eyl — ol mmve %
| (covper) | © 90 74 | 69 67 | S50 | S4
- S St RN SELut HEE IRt i /U S St ot S A
. 1 85.40 |14.23 |0.28 | ' B4 | 60 57 45 | 53
{ . 4 4 4 . { _ _
) 2 £2.55|17.45 . 8l 5 | 50 44 52
I S O .- B T P R T é - I S - R R
3 {83.5 | 6.0 [0.5 10.0 . 83 61 . 42 | 45 37
; —_——— - -} - ~ - «» - L - - S A e o
- 4 Flooa 72 50 [ 36 | 33 4l
5 509 % . 45 } 35 26 24
———-T - - = s — - —'—\-—4%-7— i lh e S + R - 4‘+_,,, —
6 95.0 5.0 AN 31 37 20 23
7 |e7.0 24,0 73 a9 | 22 26 19
_— S R A SN SRR S | SR R e e T EE—
| 8 60,0 39.0(1.0 || 62 45 36 20 I 19

Alternate Bend Tests And Tensile Tests of Soldered Roofing Copper

‘ N‘o-t‘”AnneQIez( Yert; cally 34&?&2‘22 ,QedHon'z_on'Chl(_, Jhours & S0O+T
Original qﬁ;i.;;‘élfz s |Nat Corroded qg' Aoo:r;édfoafc Not Corroded 905.;0‘21}"58 6°C
$3 ﬁnsi/e esf‘L';Fnsi/e]es# & alensile st EWTHSIIC Tesf‘:?g 175::5/ st‘ L’:Ql;n;z/e lest
T L[EJUTS ‘;‘}fg)\urs YU, uTSErzgﬁuTS g\;:_L:;T -gu;k&lu TS
IR ER v TS R 1T L 7S S YRRV
(Coppgr)Lﬂm89$§§4§;ge9+74hsg 30500 69435 3090¢ | 67 |31 5160@{5;;3?t;}§9_ 54 33 Bolce
1 84|31 [32700| 50 | 26 |32500] 57 30 31400 45|30 30400 53|29 305CC
__A)zm i éi'iéi 22000| 57 fsl 32900 50132 3{ooo 44 30 30700 1 |52 zizsosooi
3 85 32 {33000 61 26453100 42 28|50500| 45|28 (3080C| | 37 2930200
4 72|32 32100 50/ 35 32100 36|31 30400 33 28 | 29700 | 41 31|305CC
o T Lszzeeﬁ,%;sosqfés_ﬁs siaoolas s[evecc| | |a 17 27aco
31|25|32000(|37 |27 |31100(20| [28700 asTésjzesoo :
T |49| 30800 22 24 [30800| 26 23 26600 19 22 27700 R
L 45| |s3200] 36|27 31000 |20 |20 28200 | 19|21 éé&oo




It will be seen from these tabuleted results of the

tests made that my solder shows uniform superiority over the
lead-tin solders tested.

Another feature of my solder which marks its distinet
superiority over cadmium solders arises from the fact that
my solder works more readily than those prior art solders
having comparatively different rrecenteses of cadmium therein,
For example, one of the prior art solders combines 83% cadmium
with 91%% leed. This solder is analogous to a 35% tin 657 lead
solder, from the standpoint of workability. On the other hand,
my solder containing approximestely 14% cedmium, 1/2% zinc and the
balance lead corresponds to a 45-5C% tin-leed solder, from the
standpoint of workaebility. It works more easily with & soldering
iron than the 8}% cadmium alloy.

My 14% cedmium alloy containing 1/2% zinc, in addition
to the lead, can be used readily either with the application of
heat by torches or soldering irons. The prior art 8% cadmium
alloy solder mentionec¢ tends to require the use of torches for
apvlication. To diiustrate the melting range of other ailoys

in comparison with my cadmium alloy, I set forth the following

table:
Complete :
Liquefaction Solidification i
Alloy Point Point 1
8-1/2% €4d,91-1/2% Pb 280°C. 249°C. (es*timated)
14% Cd, 86 Fb 258 249 (estimated)
14.2% Cd, +28% Zn, 85.5% Pb 254 238 (determined)
35% Sn, 65% Pb 247 18l
47,5% Sn, 52.5% Pb 218 18l

In most of the soldering of jJoints on roofs, the solder

is applied by the use of soldering iromns. Practical workmen
heve found that my solder can be applied substantielly as readily
as a 50-50 lead-tin solder, In the use of soldering irons, if

good work is to be done, it is imperative that the soldering

irons be kept clean, One of the necessary precautions is to




aveld excessive heat in order to prevent »urnin- or drossing
wilch, of course, makes the iron dirty and cvrevents zcod end
‘ rapld work.

Thus, it will be seen that I have provided s solder
having such elaectrocheriical prorerties as will obviate all
possitle danver of "pititing,""pinholinas™ or "line corrosion™
of the soldered surface and adjoiring copper that rizht exist
beceuse of imrroper electrolvtic potential. Furthermore, it
will bte seen thet I have provided a sclder which, while possess-
ins such electrochemicel prorverties, 1s at the seme *ime vwork-
able with substentielly the same facility as the leac-~tin
solders commonly in use,

lioreover, my solder, when epplied to covper for joining

or seal’ng purposes or both, or as & protective coating for the

prevention of electrolytic corrosion in the presence of an
electrolvte which might result from atmospheric or other condi-
| tions, produces a bond thet is materially strengthened mechan-
icaelly and is superior to leed-tin solders useda for these jur-
POSES, Furthermore, the disadvantar-eous embrittlemert of the
‘ alloy regions caused by lead-tin alloys which tends to fecili- ‘
1 tate mecharical failure of the copper sheet, et cetera, is
" substantially eliminatec by the use of alloys embodyinz the
principles of ny invention,
In addition to the aforesaid advaentages cf my inven-

tion, the strength, ductility, herdness, melting point, fludity

Ladiiabd . At Al
\

) and fatigue resistance of the allovs comprisinz my invention
approximate the range of ordirary lsed-tin solders employed

for similar purposes, Likewise, the small amounts of zinc irn

i the alloys comprising my invention, result in addition to the

satisfanstory use of the usual hot iron method of sealing joints,

=

in a better surface acherence, materially increasing the




strength of the joint. This is particularly true when employed
in 2 dipping bath for dip solderinz. Furtherwore, the preserce
of the zinc acts as a deterrent to oxidation of the cadmium and
recuces the darser of oxidetion or drossing of the entire alloy.
While I have described my invention as comprising
lead alloys containing cadmiunm with or without ziﬁo, or with
bismuth substituted for the cadmium or used therewith, I have
nevertheless onl- set forth specific embodiment of my inven-
tion, Consequently, it will be understood thet my invention
is not limited to alloys specifically set forth in the preceding
description but includes the broad idea of forming alloys which
elther elone or in corbination with copper will be elec*ro-

positive or anodic tc copprer and will bYe applicable thereto

with facility equal to the ususl lead-t:n sclders.




Having thus described my invention, what I claim is:

1. An alloy for soldering metal likely to be subjucted
to an electrolyte comprising elements which ere inherently an-
cdlic to the metal to be soldered or which form only such com-
pounds with the metal as are similarly anodic.

2. An alloy for soldering copper or its alloys likely
to be subjected to an electrolyte comprising elements which zre
inherently ancdic to the metel to be soldered or which form only
such compounds vith the metal as are sinilarly anocic.

3e An 8lloy for scldering copper or its allovs com-
prising lead anu cadmium in substantially the proportions 1l1%
to 18% cadmium and 89% tc 38% lead.

4, An alloy for soldering copver comprising an alloy
¢f lead and cedmium substantially in prOportiohs of 14% cedmium
and £6% leead.

5. An alloyv for soldering copper or its alloys com-
prising epproximately 11% to 18 cadmium, 89%% to 82% lead and
up to .75% zinc.

6. A solder for copper or its alloys comprising up
to .75% zinc, from 11y to 20% cadmium and the balance lead.

7. A solder for copper or its alloys comprising .p-
proximately 85.40% lesd, approximately 14.30% cadmium, and ap-
proximately .30% zinc.

8. A solder for coprer or its alloys comprising ap-
proximately 82.,55% lead, and approximetely 17.45% oadmium.,
. Qe A solder for copper or its alloys comprising ap-
proximately 83.50% lead, espproximately 6% cadmium, approxinately

10% bismuth and approximately .50% zince.




10. A solder alloy for copper or its alloys con=-

sisting of lead, bismuth and zinc.




